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Leo C. Franciscus NationalAeronautics and Space Administration LewisResearchCenter Cleveland, Ohio #BSTRACT NASA contract. The results of their studies showed that this type of engine may be a more Engine performanceand mission studieswere efficient powerplant for supersonic cruise performedfor turbofanengines with supersonic aircraft than any of the other types being through-flow fans. A Mach 2.4 CTOL aircraftwas considered.6 Additional in-house studies at used in the study. Two missions were conLewis showedsimilarattractive results. 7 sidered: a long range penetrator mission and a long range interceptmission. The supersonic For the long supersoniccruise range confan engine is comparedwith an augmentedmixed sideredin the SCR studies,a large part of the flow turbofanin terms of mission radius for a advantage of this engine is attributed to fixed takeoff gross weight of 75,000 lbm. The improvedengine SFC's at supersoniccruise and missionradiusof aircraftpoweredby supersonic to a lesser extent to the increaseddry thrust fan engines could be 15 percent longer than to engineweight. aircraft powered with conventional turbofan engines at moderate thrust to gross weight A preliminary study of the use of supersonic ratios. The climb and acceleration performance through-flow fan engines for CTOL militaryairof the supersonicfan engines is better than craft was initiated to indicate if military that of the conventional turbofanengines, aircraftwould benefit by this engine concept. figure 2 , the fan face absoluteMach lead to substantial improvements in perfornumbers range from 1 at takeoff to values mance. 1 The program was focused mainly on slightlyless than free streamduringsupersonic commercialsupersoniccruiseaircraft. A number flight. At Mach 2.4 cruise, for example,the of advancedengine conceptswere identifiedby fan face Mach number is about 2 and the diffuthe industryas being attractivefor a commersion of the air is about 400 ft/sec. In a concial SST.2-5 The supersonicthrough-flowfan ventional inlet, the diffusion is about 1,500 engine was proposed by Advanced Technology ft/sec. Therefore, less boundary layer bleed Laboratories,Inc. and studied by them under (and associated bleed drag) is required to accomplishthe lower diffusion for the superdevice. The pressurerise across the inlet at sonic fan. The lower diffusion also reduces Mach 2.4 would be about 2 comparedto i0 for the spillagedrag. These drag reductionsresultin conventional inlet. Preliminary performance improvementsin the overall inlet performance estimatesof the supersonic fan inlet were taken shown in figure3.
from reference 7. The core diffuser is different from a conventionalinlet. Except for Since the supersonicfan exit Mach numbers starting,inlet Mach numbers are always superare always supersonic( fig. 2 ) the duct nozzle sonic rangingfrom 2 at takeoffto 3 at Mach 2.4 could be mechanically simpler (no throat cruise ( fig. 2 ). Because no data exists for required)than a conventional C-D nozzle. This this type of diffuser,a typical Mach 3 inlet could lead to a more efficientand lighter nozpressure recovery of 0.85 was assumed. This zle than a conventional nozzle. However, componentwould be a requiredarea of research. because the fan discharge Mach numbers are supersonic, a diffuser is rec_ired for the Propulsionsystem weight estimatesfor the enginecore air ( fig. i) . Only the core of this conventional turbofanand the core of the superengineis equippedwith an augmentor. The consonic fan engines were calculated using the ventionalengine used for comparisonis a two methods from reference 9. For the supersonic spool mixed flow augmented turbofan ( fig. 1 ).
fan and its inlet, nozzle, and core diffuser, The same technology was assumedfor the cores of the weights were scaled from the data of both engines, reference7.
METHODOF ANALYSIS RESULTSAND DISCUSSION
The study reflecteddifferencesin engine Engineperformance and weight -As mentioned thrustand SFC, pod drag, and propulsionsystem previously, the operatingcharacteristics of the weight. Mission performancecalculationswere supersonicfan lead to improvedpropulsionsysmade to determinemission radius as a function tem performance. In additionto the low inlet of sea level static thrust/gross weight for a losses ( fig. 3 ) the cycle can be matched better fixedtakeoffgrossweightand payload, to the aircraft thrust requirements. In the conventional bypass engine the bypass ratio Two missions were selected to study the increaseswith flightMach numberfrom 1 at sea engines for a variety of flight conditionsand level static to 1.3 at Mach 2.4. This leads to requirements. The mission profilesare illuslower dry thrustand an increasein afterburning trated in figure 4 . Mission A is a predomito obtain the requiredthrust, resultingin SFC nately supersonicmission similar to a penepenalties. For the supersonicfan engine the trator type mission and mission B would be bypass ratio decreases from 1 at sea level similar to a supersonicinterceptwith a substatic to 0.7 at Mach 2.4. However,since the sonic loitercapability. The total range is the bypass air of the supersonic fan engine is sum of the climb/acceleration, cruise,and letsupersonic, burning in the duct flow would down ranges. Fuel reservesinclude an enroute entail heavy losses. Therefore,only the core contingency of 5 percentof the missionfuel and nozzlehas an afterburner. For the same thrust provisionfor a 20 minuteloiter, requirement, the supersonicfan engine would be a larger engine size than the conventional The airplaneused is the study is an arrow turbofan. wing vehiclewith poddedengines. The airplane gross weight (75000 LBM), payload (6000 LBM), Figure 5 shows a comparison of the SFC's of and operating empty weight less propulsion the two engines at Mach 2.4. Both engines are weight remainedfixed so that the mission radius sized for a sea level thrust to airplanegross varied with changes in engine performanceand weight ratio of 0.9 (F = 33750 ibf). The sea weight, level static airflow of the supersonic fan engine is 370 lb/seccomparedto 260 lb/secfor The installed engine performance for the the conventionalturbofan (about 40 percent engineswas computedwith the engine cycle comlarger). However, the maximum dry thrust at puter program of reference 8 which performs Mach 2.4 is nearly twice that of the convencycle calculations, design, and off-designon a tional engine. As indicatedin figure 5, the componentby component basis. Except for the SFC's of the supersonicfan engine are lower supersonicfan, the componentaerodynamiccharthan those of the conventional engine. At the acteristics,efficiencies, and cooling requirecruise operatingpoint shown in the figure,the ments for conventionalfans, compressors,tur-SFC of the supersonicfan engine is i0 percent bines,combustors, etc. used in the programwere lowerthan that of the conventional turbofan. the same for both engines. For the supersonic fan a baseline design adiabaticefficiencyof Figure 6 shows the engine performancefor 0.85 was assumed and the aerodynamics were the Mach 0.8 loiterof MissionB (fig. 4) . Both obtainedfrom reference6. Installation losses engineswould operateat low throttle. For the included inlet and nozzle drags and nacelle operatingpoints shown in the figure, the confrictiondrag.
ventionalturbofan would have somewhat better performancethan the supersonicfan because it The airflow scheduleand performanceof a is throttledback less. Mach 2.4 translatingcenterbodyinlet was used for the conventional turbofanengine. The inlet Figure 7 shows the climb/acceleration perdrag penaltiesshown in figure 3 include spillformanceof the two engines sized for the same age, bypass, and bleed. The inlet for the sea level static thrust loading. As mentioned supersonic fan would be a low compression before the supersonic fan diameter would be larger than that of the conventionalturbofan results indicatethat the supersonicfan engine for the same sea level static thrustbecauseit can meet these requirements with a better has a lower thrust per unit airflow. As shown mission radius than is achievable with a in figure 7 , the acceleration/climb thrust of conventional augmentedturbofan. the supersonicfan engine is greater than that of the conventional turbofanand the SFC'S are These preliminary results are attractive significantly better. As seen in figure 8 , the enough to suggest conductinga more in-depth supersonicfan enginewould be about 30 percent analysis of this engine. Such an analysis lighter than the conventional turbofanfor the should include an extensive study of the fan same sea level staticairflow. For the same sea aerodynamics and a detailedmechanicalstudy of level static thrust, the propulsion system the engine. weightsare about the same. _vy-NASA Engine Program,"NASA-lM-X-V1857, 6). At the higherthrustto weight ratioswhere 1975. the total available fuel is decreasing, the saving in fuel at loiter becomesmore critical.
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CONCLUDING REMARKS
The supersonicthrough-flowturbofancould be an attractiveengine for advanced military aircraft that have a large supersonic flight segment. It can achieve higher climb/acceleration thrust then the conventionalengine for about the same engineweight due to the savings in inlet and nacelle weights and its variable bypass operatingcharacteristics which improves engine lapse rate. Aithoughonly a few mission requirements were consideredin this study, the 
